Cyclic RGD peptide was introduced onto the surface of silver nanoparticle (AgNP)-single strand DNA (ssDNA)-graphene quantum dots (GQDs) (ADG) after coating with a hybrid phospholipid material (ADG-DDPC) to be used for antitumor treatment. The Ag and ssDNA content was quantified. The morphology and properties of the nanoparticles were characterized by ultraviolet-visible absorption spectroscopy (UV-VIS), scanning electron microscopy (SEM), transmission electron microscopy (TEM), and atomic force microscopy (AFM). The etching effect of H 2 O 2 on the AgNPs and the cleavage of DNA was observed. The cytotoxicity of the ADG-DDPC was investigated using the cell viability and LDH content.
Introduction
Cancer is a group of diseases that originate in human epithelial tissue and is the most common type of malignancy.
1 Chemotherapy and radiotherapy are commonly used in traditional cancer treatment. 2, 3 These treatments can inhibit the growth of tumors to some extent, but can also cause systemic toxicity, resistance tolerance and other defects. Normal human tissue has a huge adverse reactions to these treatments, making this a difficult problem in medical history. 4 Obviously, a single, traditional treatment method can no longer meet our clinical needs. Therefore, treatments based on tumor specic cell surface receptor binding peptides, such as apoptosis peptides, suicide genes, and imaging dyes have been developed. [5] [6] [7] Many have been designed to achieve accurate and systematic delivery and signicantly reduce the damage to normal tissues caused by drugs or tumor suppressing substances. 8 In recent decades, many research groups have developed novel multi-functional preparations such as dual targeting liposomes, 9 microcapsules and microspheres, 10, 11 inclusion complexes, 12 and nanoparticles. 13, 14 Graphene quantum dots (GQDs) are a new type of materials that have been evolved from graphene. The most obvious difference between GQDs and graphene is that the energy level band gap of GQDs is about 7 eV, compared to the energy band gap of graphene which is zero. This difference gives GQDs have a stronger edge effect and a smaller size effect, and the uo-rescence quantum yield is signicantly higher than that of graphene. 15, 16 GQDs are generally about 10 nm in size, and not only retain the properties of graphene, that is, the large p bond, but also introduces many characteristic light energy clusters during the synthesis, such as hydroxyl, carboxyl, amino, and so forth. 17 This makes it possible to provide a theoretical basis for the successful connection to other materials. Owing to their good biocompatibility, chemical inertness and stable photoluminescence, GQDs have broad prospects for applications in biosensor imaging and optoelectronic devices. By using the photoluminescence properties of GQDs and changing their particle size of GQDs, the gap between the conduction band and the valence band can be changed, which directly affects the variation of the emission wavelength of GQDs with the change of the particle size. 18 At present, a large number of published studies have reported the synthesis of GQDs, and have shown that different uorescence colors can be generated. [19] [20] [21] [22] If we can accurately transport GQDs to the tumor site and make use of the important photoluminescence characteristics under the action of an external light source, by focusing the light at the tumor site, we could overcome the problem of the tumor site being difficult to determine and could reach a the radical cure.
23-25
Silver nanoparticles (AgNPs) have been developed for a broader range of applications, such as for use as photosensitive materials, 26 decorative materials, catalysis, antibacterial materials and in medicine. [27] [28] [29] [30] Many methods have been reported for the preparation of AgNPs, including spherical, tubular, rod-shaped, and so forth, and these are sized between 1-100 nm. [31] [32] [33] [34] [35] AgNPs have a very large specic surface area and a small size effect and are oen used as a fungicide. Owing to the increasing advantages of using AgNPs in the bactericidal eld, many research groups have begun to study their potential in anti-tumor cells. [36] [37] [38] [39] [40] 50 Aceituno et al. indicated that the toxicity of reactive oxygen species mainly comes from the peroxidation reaction with cellular proteins and unsaturated fatty acids, which destroys the cell membrane structure and further leads to apoptosis.
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Here, we designed AgNPs/GQDs cores bridged by a single strand DNA (ssDNA). The design was developed to take advantage of the following points: (1) nano-silver demonstrates strong cytotoxicity against many cancer cells; 52, 53 (2) GQDs with stable photoluminescence can stimulate cells to produce reactive oxygen species (ROS), which has a certain inhibitory effect on cell growth; (3) ssDNA, is connected to the AgNPs/GQDs by p-p stacking between the GQDs and the surface of AgNPs-DNA. 54 Therefore, cRGD cyclic peptides, that have the sequence: cyclo (Arg-Gly-Asp-D-Phe-Cys), were used to modify hybrid phospholipids membrane aer coating ADG cores to achieve long-circulation prole and tumor targeting. 55 First, the RGD specically acts on the surface of the tumor cells or the surface of the a v b 3 integrin receptor on the tumor vascular endothelial cells. 56 Then the cell surface specic proteolytic enzyme cleaves the cRGD peptide to form an activated CendR peptide which can specically recognizes and activates the neuropilin-1 receptor on the cell surface and can therefore achieve targeted delivery through the cell membrane. 57 We used cRGD as a specic transport carrier to externally modify the longcirculation time of the nanomaterials. The coupled nanomaterials can not only maintain long cycle properties in vivo, but the delivery of nanomaterials to the tumor during this process is also maximized.
58-61
The aim of this article is to describe the construction of a new nano-formulation which can target the tumor tissue and achieve the long-circulation of nanoparticles in the body by fabricating an inorganic nanosilver material as the internal core and connecting this, using an ssDNA, to GQDs, which have a uorescence localization function. 
Experimental section

Synthesis of silver nanoparticles (AgNPs)
In this paper, the chemical reduction method and sodium borohydride were used to deoxidize silver atoms to give AgNPs in aqueous solution. Aer preliminary experiments, it was determined that 30 mL of 3.3 mM sodium citrate aqueous solution and 90 mL of 6.6 mM sodium borohydride aqueous solution should be taken and mixed evenly under ice bath conditions. Then, 3.3 mM silver nitrate drops were added to the mixture, and the ice bath and stirring conditions were maintained during the dropping process. Aer the reaction was complete, the solution was placed in the dark overnight, to ensure that the sodium borohydride was completely decomposed. Aer aging, the mixture was dialyzed against a dialysis bag with a molecular weight cut off of 3500 Da, and the dialysate was changed every half hour for at least 6 h. The purpose of the dialysis was to remove some of the ions from the outside of the silver nanoparticles. Aer dialysis, the silver nanoparticle solution in the dialysis bag was collected for further experiments.
Synthesis of ADG cores coating hybrid lipid membrane (ADG-DDPC)
The scheme for the synthesis of the ADG cores coated with a hybrid lipid membrane (ADG-DDPC) is shown in Fig. 1 .
First, 20 mL of 10 mM TCEP and 20 mL of 100 mM SH-DNA were incubated for 1 h in a Britton-Robinson buffer (BR buffer, pH ¼ 6). Then, 20 mL of SH-DNA (50 mM) was added to 6 mL of the AgNPs solution (the pH of the AgNPs solution was adjusted to neutral by adding 1.5 mL of BR buffer). The solution was incubated for about 5 min to allow the adsorption of DNA onto the AgNPs. Aer this, a citrate buffer (500 mM, pH ¼ 3) was added into the AgNPs solution to reach a nal concentration of 5 mM. Aer 5 min incubation, the same amount of citrate buffer was added into the solution again to achieve a nal concentration of 10 mM citrate. Aer incubating for 15 min, the excess DNA was removed by centrifuging at 12 000 rpm for 30 min and the remaining pellet was then washed three times with BR buffer. The prepared AgNP-DNA conjugates were dispersed in BR buffer for further use. Then, the AgNP-DNA was re-dispersed in BR buffer and a nal concentration of 50 mg mL À1 GQDs was added. The solution was incubated at room temperature for 2 h to obtain ADG cores. Aer dialysis for 6 h in a dialysis bag with a molecular weight cut off of 10 000 Da, the non-adsorbed GQDs were removed and used. A hybrid phospholipids solution (200 mL) containing 6.87 mM DOTAP and 0.38 mM DSPE-PEG 2000 -cRGD in methanol was slowly injected into the prepared ADG cores and incubated for about 30 min at 40 C in a water bath with gentle shaking.
Aer the phospholipids were adsorbed onto the surface of the ADG cores, 2 mL of the obtained suspension were dialyzed for more than 8 h in the dialysate tube to ensure that the organic phase methanol was completely dialyzed. The prepared phospholipid nanoparticles were ltered through a 50 nm lter to obtain ADG-DDPC. The ADG cores coated with the hybrid lipid membrane containing DOTAP and DSPE-PEG 2000 (ADG-DDP) were prepared using almost the same protocol as that of the ADG-DDPC, except that 0.43 mM of DSPE-PEG 2000 was used to replace the DSPE-PEG 2000 -cRGD.
Characterization of ADG-DDPC
Several methods were used to characterize the preparation of ADG-DDPC. Determination of the ssDNA adsorbed by the AgNPs was performed by using an ssDNA quantitation kit Quant-iTTM OliGreen® ssDNA Kit. Aer the DNA was adsorbed onto the surface of AgNPs, a three-fold volume of BR buffer (pH ¼ 3) was added, centrifuged at 12 000 rpm for 20 min, washed ve times using BR buffer, and the total ssDNA in the supernatant was measured as recommended by manufacturer.
The concentration of silver nanoparticles was measured using an inductively coupled plasma mass spectrometer (ICP-MS), (Thermo Fisher Scientic). The ICP-MS was performed using the following conditions: RF power 1550 W, cooling gas 14 L min À1 , auxiliary gas 0.7763 L min À1 , atomization gas addition was observed using transmission electron microscopy (TEM). Ultraviolet-visible absorption spectroscopy (UV-VIS) (UV-2550 spectrophotometer, Shimadzu, Japan) was used to obtain the spectroscopic characterization of ADG-DDPC. The structural characterizations of ADG-DDPC was conrmed by using a FEI Quanta 250 scanning electron microscope (SEM) (Thermo Fisher Scientic, USA), a JEM2100 electron microscopy (TEM) (JEOL Ltd., Japan) and an atomic force microscopy (AFM) images were acquired under ambient conditions using a SPM9700 AFM (Shimadzu, Japan) in the tapping mode. The particle size distributions were determined using the Nano ZS ZEN3690 (Malvern Instruments Ltd., Malvern, UK). Fluorescence detection of H 2 O 2 were determined using the FLS980 Steady-state transient uorescence spectrometer (Edinburgh instruments co., Ltd.)
Cell viability
The cytotoxicity of the AgNPs, GQDs, ADG-DDP and ADG-DDPC complexes against HeLa cells were assessed using the CCK-8 method. HeLa cells were seeded in 96-well plates at a density of 5 Â 10 3 cells per well and incubated for 24 h at 37 C in 5% CO 2 . Then the culture medium was removed and fresh medium containing AgNPs, GQDs, ADG-DDP and ADG-DDPC complexes were added to each well. Aer 24 h of incubation, 10 mL of the CCK-8 solution was added and further incubated for 1 h. The optical density of the solution was measured at 450 nm using a Spectra-Max M3 microplate reader (Molecular Devices, CA, USA). The cell viability for each of the treated groups was calculated and normalized to control untreated cells. Each concentration was detected using six wells. The mean drug concentration for 50% inhibition of cell growth (IC 50 ) was calculated.
LDH activity
According to the instructions on the kit, the catalytic production of 1 nM pyruvate per minute 1 Â 10 4 cells or bacteria at 37 C was dened as an enzyme activity unit. HeLa cells were seed into the 6-well plates at a density of 5 Â 10 5 cells per well and incubated for 24 h at 37 C in 5% CO 2 . Cells were divided into the treated group, the control group and the standard group, and each group was set with three replicate wells at each concentration. The cells were collected into a centrifuge tube the supernatant was discarded aer centrifugation, and the cells were disrupted using an ultrasonicator (ice bath, power 20%, sonication for 3 s, interval 10 s, repeated 30 times); 8000 g centrifuge for 10 min at 4 C, the supernatant was then removed and placed on ice prior to being measured. The LDH activity in each group was obtained as recommended by the manufacturer.
Cell uptake
HeLa cells were incubated with 24 ng mL À1 of ADG-DDP and ADG-DDPC for 6, 12 h in a laser confocal dish. Aer the incubation, the cells were washed and xed with 4% paraformaldehyde. Finally, the cells were washed three times. The intracellular localization of ADG-DDP or ADG-DDPC was visualized using an LSM 710 confocal microscope from Zeiss (Oberkochen, Germany). The uorescence signals of the GQDs were excited at 350 nm and detected at 425 nm, respectively.
The
In vivo antitumor activity
The in vivo antitumor activity was assessed in HeLa xenogra mice. The HeLa cells (1 Â 10 7 /per mouse) were injected subcutaneously into the right anterior armpit of BALB/c nude mice. When the tumor volume reached approximately 300-400 mm 3 , the tumor-bearing mice were randomly divided into 4 groups (6 mice per group) and were intravenously injected with normal saline, PTX Injection (10 mg kg À1 ), ADG-DDP and ADG-DDPC (3.6 mg of silver equivalent per kg body weight) every two days, three times in total. The tumor volume and body weight of the mice were recorded once every two days. The tumor volume was calculated using the following formula (1):
where V is the tumor volume, W the smaller perpendicular diameter, and L the larger perpendicular diameter. At the end of the experiments, the mice were sacriced and the tumors were collected for measurement of the tumor weight.
Tissue analysis
The BALB/c nude mice, body weight 20-25 g, were used for tissue analysis studies aer HeLa cells were implanted intradermally into the armpit for one week. Forty tumor-bearing mice were fasted overnight and randomly divided into three groups of ten mice each. GQDs (10 mg kg À1 , the dose was equivalent to GQDs in the ADG-DDP and ADG-DDPC), ADG-DDP and ADG-DDPC were injected intravenously (3.6 mg of silver equivalent per kg body weight). Another ten animals were sacriced without treatment, and their tissues were used as blank controls. The animals were decapitated in groups of three at 360 minutes, and three tumor samples per group tumor tissue were removed, and washed of residual blood, air-dried, and weighed. Tissue samples were homogenized with saline 0.2 mg mL À1 , take 1 mL tissue homogenate into the microwave digestion tube and add internal standard (IS) working solution of Rh at 50 mL volumetric ask, the nal concentration of IS was 50 mg L À1 , then add 5 mL HNO 3 (2%) solution, digest according to the microwave heating program (temperature rise 180 C, pressure 25 bar, hold for 15 min), and transfer the liquid, using the inductively coupled plasma mass spectrometer measurement as described earlier. Take 0.1, 0.5, 1, 5, 10, 20, 50 mg L À1 of Ag standard solution and add the same volume of IS, digested as described earlier, using the inductively coupled plasma mass spectrometer measurement as described earlier.
The remaining mice were sacriced on the tenth day to take the heart, liver, spleen, lungs, kidneys, brain, and tumor tissue of BALB/c nude mice were evaluated by histology with H&E staining, in which hematoxylin stains nuclei to bluish-purple colors, and eosin stains cytoplasm and the stroma matrix to red-pink colors.
Statistical analyses
All the results except in vivo data are presented as the mean AE standard deviation (SD). The Student's t-test and one-way analysis of variance were used to evaluate signicance. p < 0.05 was considered signicant.
Results and discussion
Characterization of ADG-DDPC
The amount of the ssDNA adsorbed onto the AgNPs was calculated by using an ssDNA quantitation kit (Quant-iT™ OliGreen® ssDNA Kit) as recommended by manufacturer, and was found to be 15.3 mg mL
À1
. The content of the silver element in the AgNPs was 3.75 mg mL À1 and the content of the silver element in ADG-DDP and ADG-DDPC were 20.36 mg mL
,20.43 mg mL À1 , respectively, measured using ICP-MS.
As shown in Fig. 2a , AgNPs have a strong characteristic absorption peak at 400 nm, and the peak shape is narrow and symmetrical. We diluted ADG-DDPC with ultrapure water by half, and as expected, the UV absorbance ratio also decreased by half, and the position of the maximum absorption peak was unchanged (Fig. 2b ). Aer incubation with 200 mM H 2 O 2 in ADG for 40 min, the silver nanoparticles began to "erode" and the originally closely packed GQDs were randomly dispersed (Fig. 2c) .
From the UV-VIS absorption curved of AgNPs, it indicates that the AgNPs synthesized using this method are relatively homogeneous, as when the surface has adsorbed DNA, the characteristic absorption peak of the complex is red shied by 5 nm and the absorbance decreases, and the peak shape is more asymmetric compared to that of the AgNPs. This is due to the fact that the molecular weight of the DNA molecule (M w , $5303.6 Da) is much greater than the molecular weight of the citrate (M w , $185 Da), when the DNA modication is adsorbed onto the surface of the AgNPs, the refractive index of the medium around the AgNPs will increase, and the particle size range is wider than that of the AgNPs. Therefore, the adsorption modication of the DNA molecules on the surface of the AgNPs will cause the red-shi of the characteristic absorption peaks of AgNPs, and the decrease of absorbance may be due to the loss of some AgNPs during the adsorption process. 62 The change in the UV characteristic peak proves that the DNA is indeed adsorbed onto the surface of the AgNPs. When the ADG cores were coated with asymmetric phospholipids, the UV absorption peaks were not signicantly different from those of the AgNPs-DNA. Aer diluted with ultrapure water, the UV absorbance of ADG-DDPC was changed according to the dilution without shi of absorption peak, which proved that the internal particle size of the synthesized material was uniform.
When the ADG cores were treated with H 2 O 2 , the silver nanoparticles began to "erode" and the GQDs were unpacked. This underlying mechanism is probably due to the following reaction, shown in formula (2):
It was proven that the AgNPs were corroded and agglomerated by H 2 O 2 , the p-p bonds of the GQDs and DNA are destroyed, the GQDs are separated from AgNPs, and the uorescence properties are restored. Using the characteristically high levels of H 2 O 2 in cancer cells compared to the low H 2 O 2 content in normal cells, we can use this property for cancer treatment in order to realize the integration of diagnosis and treatment.
The morphology of AgNPs, GQDs and ADG-DDPC were viewed under AFM and TEM. It can be seen from AFM and TEM that the particle size distribution of AgNPs prepared by this method is uniform and the properties are stable (Fig. 3a1-a5 , enlarged images are shown in Fig. S1 †) . We can see from the TEM diagram that using the ssDNA as a "bridge" is very necessary (Fig. 3c1-c2 , enlarged images are shown in Fig. S3 †) . Without the addition of DNA, the GQDs are randomly dispersed and do not exist on the surface of the AgNPs. As we can see from the TEM diagram, aer adding the DOTAP and the DSPE-PEG2000-cRGD to wrap the ADG kernel, the original random particles are transformed into the smooth particles with larger particle sizes. Using DOTAP as a cationic lipid, the particle size distribution is preferentially adsorbed onto the surface of the DNA with negative charge, thus the rst step of encapsulating the core of the phospholipid is realized. In order to enable compound material to remain in vivo for a long cycle, a kind of phospholipid (DSPE-PEG 2000 -cRGD) was added to the outside of DOTAP by changing of the dispersing medium. This also ensures that the materials are less toxic before they reach the target site. Using the Malvern particle sizer measured the particle size of ADG-DDP and ADG-DDPC were found to be (23.8 AE 0.5) nm and (25.2 AE 0.8) nm, respectively. This shows that the addition of cRGD does not have a signicant effect on the particle size of the preparation.
The morphology of the particles was detected by AFM and TEM, which indicates that the nucleation process of each particle is relatively stable. In this paper, it is suggested that when DNA is adsorbed onto the surface of AgNPs by using mercapto ssDNA as a "bridge", the refractive coefficient of the AgNPs aer adsorption will decrease, and the characteristic absorption peak will be red shied. The GQDs and ssDNA adsorbed onto the surface of the AgNPs are adsorbed by p-p bonds. The advantage of this kind of physical adsorption is that it retains the properties of the original material, and the adsorption between substances is much easier compared to that of covalent bonds. Without the addition of DNA (Fig. 3c1 and c2), the GQDs are randomly dispersed and do not exist on the surface of the AgNPs, which affirmed the necessary existence of ssDNA in ADG.
Stability of ADDG, ADG-DDP and ADG-DDPC
It is not difficult to see from Table 1 that with the prolongation of time, the phospholipid-coated ADG core is prone to aggregation, and the particle size has exceeded 100 nm at 7 h, while the particle size of ADG-DDP and ADG-DDPC did not change signicantly within 48 h. This is because the ADG core is separated by phospholipids, demonstrating that the phospholipid system is stably dispersed in aqueous solution over a period of time.
Fluorescence detection of H 2 O 2
To detect H 2 O 2 , aliquots (400 mL) of BR buffer (pH ¼ 6) containing 200 pM ADG were spiked with H 2 O 2 (0-400 mM) and reacted at 37 C for 40 min. Then, the uorescence was measured under excitation at 350 nm. Fig. 4a shows the emission spectra of GQDs at different excitation wavelengths. It can be seen from the gure that the maximum emission wavelength of the GQDs is 425 nm under excitation light of 350 nm. Fig. 4b shows the uorescent spectra of ADG in the presence of variable concentrations of H 2 O 2 . The ADG nanocomposite exhibited weak uorescence in the absence of H 2 O 2 . However, the uo-rescence intensity around 425 nm gradually enhanced upon increasing H 2 O 2 addition. A good linearity concentration was raised from 2.0 to 400 mM, deriving a detection limit of 0.2 mM.
The results indicate that our constructed ADG nanocomposite is appropriate for highly sensitive quantication of H 2 O 2 in aqueous solution.
Cell viability and LDH activity
Different concentrations of AgNPs and GQDs dispersions were added to HeLa cells and incubated for 24 h. As shown in Table 2 , the AgNPs showed a strong toxicity in HeLa cells with an IC 50 value of 347.78 ng mL À1 , while GQDs showed no cytotoxicity below 150 mg mL À1 . This is consistent with what we expected to achieve. Both the ADG-DDP and ADG-DDPC had the effect of killing the HeLa cells in a certain concentration range, and the killing effect was dose-dependent. Upon addition of DSPE-PEG 2000 -cRGD, ADG-DDPC exhibited a lower IC 50 compared to that of ADG-DDP, which was consistent with the results of the LDH activity of the ADG-DDP-or ADG-DDPC-treated group (Fig. 5) . In order to allow the rapid growth and reproduction of tumors, tumor cells oen have a high glucose uptake and possess the ability to convert glucose into lactic acid. 63 LDH is a key enzyme in glycolysis, which catalyzes the terminal steps of anaerobic glycolysis to deoxidize pyruvic acid by catalyzing the reversible reaction between pyruvic acid and lactic acid, with this NAD + /NADH interconversion. 64 The activity of LDH can be used as a marker of the level of glycolysis level. The activity of LDH was calculated aer equal amounts of ADG-DDP and ADG-DDPC were incubated in the cells for 24 h at 37 C in 5% CO 2 . At the same dose, the intracellular LDH activity of the ADG-DDPC group was signicantly lower than that of the ADG-DDP group, indicating that the glycolytic pathway of the cells was signicantly inhibited aer adding ADG-DDPC. It has been found that nano-silver has a strong cytotoxicity against many cancer cells, which proves that AgNPs have a realistic basis as an anti-tumor preparation. However, there is no denitive conclusion as to how nanosilver produces cancer cell toxicity. Based on this characteristic, AgNPs and H 2 O 2 could react to release highly toxic silver ions in the tumor cells, and the released silver ions could bind to enzymes in the respiratory chain, inhibit the synthesis of adenosine triphosphate. In addition, the generated silver ions could also bind to the base pair of DNA generated within the cell, inhibiting DNA replication and amplication, and blocking the most essential part of cell proliferation.
Cell uptake
ADG-DDP and ADG-DDPC (24 ng mL À1 ) were added to HeLa cells and incubated for 6, 12 h at 37 C in 5% CO 2 , and GQDs in both phospholipids were emitted. Intensity of uorescence, and with the prolongation of incubation time, the intensities of ADG-DDPC were more obvious, cRGD-added phospholipid material more easily into the cell. On the one hand, due to the presence of H 2 O 2 in tumor cell, the DNA in the phospholipid material is "eroded", releasing uorescent quenched GQDs and restoring its uorescence, this result is consistent with expectations. With the prolongation of incubation time, the uores-cence intensities of ADG-DDPC were more obvious ( Fig. 6a and b, enlarged images are shown in Fig. S5 †) . The percentages of cells exhibiting uorescence were indicated by the uorescence of released GQDs in cells and quantied in Fig. 6c . The results indicated that in the safe dose range, cRGD-modied nanoparticles were more easily taken up into these cells and the ADG cores were unpacked to release GQDs, which was consistent with the lower IC 50 and LDH activity measured in the ADG-DDPC group in Table 2 and Fig. 5 . From the cell uptake experiments, we can see that the intracellular uorescence intensity of the nanomaterials containing DSPE-PEG 2000 -cRGD is more obvious when compared with that of the ADG-DDP, that is, the luminescence efficiency of the GQDs is higher. This may be due to the fact that the nanomaterials containing the transmembrane peptide cRGD can enter the tumor cells more quickly and therefore the uo-rescence recovery of the GQDs is faster.
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HeLa cells were incubated with ADG-DDP or ADG-DDPC for 6 h and 12 h individually and it was observed that ADG-DDPC was more easily uptaken by cells and could release GQDs from ADG under H 2 O 2 . Because tumor cells metabolize much faster than normal cells, the amount of hydrogen peroxide produced in the cells is also higher than that in normal cells. It is reported that the content of H 2 O 2 in tumor cells can reach 10-50 mM. 66 Based on this feature, AgNPs and H 2 O 2 aer the following reaction occurs in the tumor cells, the highly toxic silver ions are released, and the released silver ions can bind to the enzymes in the respiratory chain, uncoupling the respiratory chain, inhibiting the synthesis of adenosine triphosphate (ATP), thereby making the cancer cells cannot proliferate normally. In the presence of the target H 2 O 2 , H 2 O 2 corrodes the silver nanoparticles, reduces the absorption intensity of the silver nanoparticles, and weakens the energy transfer between the AgNPs and the GQDs, thereby recovering the uorescence of the GQDs.
Anti-tumor growth effect
Based on the favorable capability of inducing apoptosis, an in vivo therapeutic efficacy study was performed to assess the potentials of ADG-DDP or ADG-DDPC for inhibiting tumor growth. It can be seen that ADG-DDP, ADG-DDPC and PTX injection could suppress tumor growth (Fig. 7a ) and the average of tumor growth inhibition rates for ADG-DDP, ADG-DDPC and PTX Injection were calculated to be 24.8, 50.9, and 57.7%, respectively, according to the tumor weight (Fig. 7b) . As the high toxicity of anticancer drugs usually leads to a reduction in body weight and necrosis in organs, the body weight of the PTX Injection group showed a slightly decreasing trend, whereas little effect on body weight was observed in the ADG-DDPC group (data not shown). Taking all of these results into consideration, ADG-DDPC, as a new multifunctional nano-preparation, has a good effect in inhibiting tumors and is less toxic than commercially available PTX Injections. In the novel ADG-DDPC nanoparticle preparations, each component could contribute to some degree to the outstanding efficacy on tumor inhibition. Targeted phospholipids can circulate in mice tumor for a prolonged time. When cRGD recognizes tumor cells and binds to the tumor cell surface receptors, the nanomaterials are brought into the cells by endocytosis. Owing to the higher concentration of H 2 O 2 inside the tumor cells, the AgNPs entering the cell are dissolved, and the silver ions are released, When the AgNPs are etched, GQDs are released, thereby achieving the purpose of the design, that is, antitumor property.
Tissue analysis in BALB/c nude mice H&E staining of the PBS, GQDs, ADG-DDP and ADG-DDPC groups did not show obvious kidney injury, pulmonary toxicity, cardiac damage, or inammatory inltrates in the spleen (Fig. 8) . The control tumor had many mitotic gures, showing the high mitotic activity of tumor cells. 67 Tumors that were treated with ADG-DDPC experienced a dramatic decrease in the number of mitotic gures, and exhibited more basophilic and uniform nuclei.
The standard curve of silver elemental solution are shown in the Fig. 9 , the correlation coefficient is equal to 0.9999, indicating that silver elemental have a good linear relationship.
The results of silver content determination in the tumor are shown in the Fig. 10 . Silver was not detected in the saline group, and the intratumoral silver content in the ADG-DDPC group was signicantly higher than that in the ADG-DDP group, indicating that the cRGD could be better transported the nanosilver into the tumor.
Conclusions
Using the ssDNA as a "bridge", AgNPs were connected to nontoxic luminescent materials GQDs to form a core, which were encapsulated by non-toxic hybrid phospholipid membrane which have a long circulation time in vivo and the ability of tumor targeting. This study presented a novel nanometer preparation of ADG-DDPC that can inhibit the growth of tumor cells and emit light within tumor cells.
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